Calculation of transient electromagnetic forces in an axisymmetrical electromagnet with conductive solid parts by Sadowski, Nelson et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          To link to this article : DOI: 10.1108/eb051780 
                          URL : http://dx.doi.org/10.1108/eb051780 
 
 
 
 
 
 
 
 
 
 
 
 
Open Archive Toulouse Archive Ouverte (OATAO)  
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.  
This is an author-deposited version published in: http://oatao.univ-toulouse.fr/  
Eprints ID: 17351 
To cite this version: Sadowski, Nelson and Lefevre, Yvan and Lajoie-Mazenc, 
Michel and Bastos, João Pedro Assumpção Calculation of transient 
electromagnetic forces in an axisymmetrical electromagnet with conductive 
solid parts. (1992) COMPEL: The International Journal for Computation and 
Mathematic, vol. 11 (n° 1). pp. 173-176. ISSN 0332-1649 
Any correspondence concerning this service should be sent to the repository administrator: 
staff-oatao@listes-diff.inp-toulouse.fr 
 


- - - 

- 
- - @
 
- 
- - 

- - -
(
-5;KTODBX 1&<?<RN<X '
&5CKB<'5W<I9X %
)

5OPKOX
&57KN5PKBN<X ; E<9PNKP<:AIBMQ<X <PX ; E<:PNKJBMQ<X #I;QOPNB<EE<X
/+X (+-X (
 (-  #".#(*.X
X ,Q<X 5GB9A<EX
.KQEKQO<X <;<UX
!,( X
	
-
.A<X L5L<NX ;<O9NB7<OX PA<X 5I5EVOBOX 5I;X PA<X 95E9QE5PBKIX K?X
PN5IOB<IPX N<OLKIO<X K?X 5X SKEP5@<X ?<;X <E<:PNKG5@I<PX .ABOX
95E9QE5PBKJX BOX 85O<;X KIX PA<X OBGQEP5J<KQOX OKFQPBKIX K?X PA<X
H5@I<PB:X ?B<E;X <MQ5PBKIOX 5J;X PA<X <E<:PNB95EX 9BN:QBPX <MQ5PBKJO
X
#IX PA<X HK;<EEBI@X K?X PA<X G5@J<PB:X ?B<E;OX <;;VX :QNN<IPOX BIX
OKEB;X :KJ;Q9PBR<X L5NPOX 5J;X O5PQN5PBKIX K?X G5@I<PB9X L5NPOX 5N<X
P5D<JX BIPKX 599KQIP
X .ABOX HK;<EEBJ@X QO<OX !BJBP<X  E<H<JPX '<PAK;X
?KNX PA<X 95E9QE5PBKIX K?X G5@J<PB:X ?B<E;OX 5J;X ?KN9<OX TBPAX OL<:B5EX
MQ5;NBE5P<N5EX <E<H<IPOX  UL<NBG<JP5EX 5J;X OBHQF5PBKJX N<OQEPOX
?KNX 5IX 5UBOVHH<PNB95EX <E<9PNKH5@I<PX 5N<X LN<O<JP<;X 5J;X
9KGL5N<;
X

-
.A<X PN5IOB<IPX N<OLKIO<X K?X SKEP5@<X OQLLEB<;X <E<9PNKG5@J<PB9X
OPNQ9PQN<OX TBPAX OKEB;X :KJ;Q9PBS<X L5NPOX A5OX 8<<JX 5JX K7C<9PX K?X
BGLKNP5IPX TKNDOX E5OPX V<5NOX 2F43424X .A<X JQG<NB95EX 5I5EVOBOX
HQOPX 8<X G5;<X 8VX PA<X OBHQEXP5I<KQOX OKEQPBKJX K?X PA<X G5@J<PB9X
?B<E;X <MQ5PBKJOX 5I;X PA<X <E<9PNB95EX 9BN:QBPX <MQ5PBKIO
X $?X ?KNX
PA<X :QNN<IPX N<OLKIO<X PA<X K7P5BI<;X N<OQEXPOX IKTX @BS<X
O5PBO?59PBKIX PA<X 95E9QE5PBKIX K?X ?KN:<OX BJX PA<X GKRBJ@X L5NPOX
TAB:AX 5N<X 9EKO<EVX ;<L<J;<IPX KJX PA<X ;BO:N<PBW5PBKIX @NB;X BOX
OPBEEX PA<X PA<H<X K?X BJR<OPB@5PBKIX .ABOX L5L<NX 8NBI@OX OKG<X
9KIPNB7QPBKIX P6X PA<X OKEQPBKIX K?X PABOX LNK7E<HX 8VX QOBI@X 5X
OL<:B5EX ;BO9N<PBW5PBKJX 75O<;X KIX =QPX MQ5;NBE5P<N5EX !BIBP<X
 E<H<IPOX BIOB;<X PA<X N<@BKJOX TA<N<X @N<5PX 5:9QN59VX BOX N<MQBN<;
X
-  -
.A<X H5@J<PB9X ?B<F;X BIX 5JX <E<9PNKG5@J<PB9X ;<RB:<X BOX
@KS<NI<;X 8VX PA<X >E<9PNKG5@I<PB9X ;B??QOBKJX <MQ5PBKJ
X #?X PA<X
H5@I<PB9X LKP<IPB5EX S<9PKNX - BOX <GLEKV<;X T<X 95JX TNBP<X
!*'$%,!*'%&"")#+(-
X <LP
X K?X  E<9PNB:5EX  J@BJ<<NBI@/!-X
!EKNB5IKLKEBO-N5WBEX 9QNN<IPFVX BIX PA<X &  X
.KQEKQO<	!N5I9<X
X <LPX K?X  E<9PNB:5EX  J@BI<<NBI@0!-X
!EKNB5IKLKEBO-N5WBEX
XX
>+'9'C  ! ,:C ;+'C 3!*4';,$C 6'93'!#,.,;@C >+,$+C ,:C ;+'C )<4$;,54C 5)C
! ;"C ;!-'C ,4;5C !$$5<4;C :!;<9!;,54C '))'$;:C  ,:C ;+'C '.'$;9,$!.C
$54%<$;,=,;@C !4%C ! ,:C ;+'C :<66.@C >,4%,4*:C $<99'4;C %'4:,;@C
 +'4C ;+'C %'=,$'C ,:C =5.;!*'C )'%C ;+'C $<99'4;C %'4:,;@C !
,:C <4-45>4C 4C 59%'9C ;5C 9'/!;'C ;+'C !66.,'%C =5.;!*'C ;"C ;+'C
),'.%C '8<!;,54C C >'C $!4C <:'C ;+'C '.'$;9,$C $,9$<,;C '8<!;,54C
%%;%B%;C 
>+'9'C C ,:C ;+'C !66.,'%C =5.;!*'C C ,:C ;+'C >,4%,4*C $<99'4;C >+,$+C
3!@C #'C 9'.!;'%C ;"C ;+'C $<99'4;C %'4:,;@C ! BC ,:C ;+'C >,4%,4*:C
).<?C .,4-!*'C >+,$+C ,:C $!.$<.!;'%C )953C ;+'C ),'.%C '8<!;,54:C C
,:C ;+'C >,4%,4*C '.'$;9,$C 9':,:;!4$'C +'C >,4%,4*C .'!-!*'C
,4%<$;!4$'C ! 3!@C #'C !%%'%C ,)C ,;C ,:C 45;C ;!-'4C ,4;5C !$$5<4;C ,4C
;+'C ),'.%C '8<!;,54C
+'C '.'$;9,$C $,9$<,;C '8<!;,54:C  !4%C ;+'C '.'$;953!*4';,$C
),'.%C '8<!;,54:C C !9'C :5.='%C :,3<.;!4'5<:.@C #@C ,4,;'C
.'3'4;C !4%C ;,3':;'66,4*C ;'$+4,8<'C +'C 7!.*59,;+3C 
 ,:C
<:'%C ;5C $!.$<.!;'C %%;C !4%C %0%;C !;<9!;,54C ,4C ;+'C 3!*4';,$C
6!9;:C !9'C ;!-'4C ,4;5C !$$5<4;C #@C 3'!4:C 5)C ;+'C '>;54	!6+:54C
3';+5%C
4C 59%'9C ;5C :".='C ;+'C 3!*4';,$C '8<!;,54:C CC >'C <:'C
;9,!4*<.!9C ),9:;C 59%'9C ,4,;'C .'3'4;C 3';+5%C '='9;+'.'::C ,4C
;+'C 9'*,54:C 4''%,4*C !C 9'),4'%C 3':+C ;+'C :6!$,!.C %,:$9';,A!;,54C
3!@C *,='C ;9,!4*<.!9C '.'3'4;:C 59,'4;'%C ,4C ;+'C :!3'C >!@C ,*<9'C
1!C <$+C 59,'4;!;,54C !))'$;:C ;+'C 69'$,:,54C 5)C ;+'C 9':<.;:+'C
>!@C ;5C !=5,%C ;+,:C 695#.'3C ,:C ;"C >59-C >,C;+C ;+'C 8<!%9,.!;'9!.C
'.'3'4;C 5)C ,*<9'C 1#C (<;C !:C ,..<:;9!;'%C 
;C ;+'C '4%C 5)C '!$+C ;,3'C :;'6C ;+'C 3!*4';,$C ),'.%C ='$;59C
,:C -45>4C ,4C ;+'C %'=,$'C !4%C ;+'C )59$'C ,4C ;+'C 35=,4*C 6!9;:C $!4C
#'C $!.$<.!;'%C +'C >'..C -45>4C !?>'..C ;9'::C '4:59C ,:C <:'%C
	
>+'9'C C ,:C !4C ,4;'*9!;,54C :<9)!$'C 6!::,4*C ,4C ;+'C !,9C !4%C
:<995<4%,4*C ;+'C =5.<3'C >+'9'C ! ,:C :'!9$+'%C &C ,:C !C ='$;59C ,4C
;+'C 4593!.C %,9'$;,54C ;"C C !4%C ! ,:C ;+'C 3!*4';,$C ),'.%C ='$;59C
!C #C
,*<9'C 
<!%9,.!;'9!.C '2'3'4;C $<;;,4*C 3';+5%C
	.
. "). #%&!'. '". &. !. ##. '". '.
!-&&. ". !. +&-'%. '%"!'.
(%. + &"*&. '. & ('"!. %&(.'&. *!. '.
'%"!'. &. &(##. -. . . "'&. . &'#.
(%. . .)&. '. "%%&#"!!. ,#%!'. %&(.'&.
. "%. "!. '. #(!%. *&. &(%. -. !&. ". . &'%!.
(. &!&"%.
%. &. . "". %!'. '*!. '. ('. !.
&(%. %&('&.
.
.
(%. .  . 
$(#"'!'. !&. '. '*". &('"!. '&.
. &. !. + &.
. . "#'. !'. 
!'. %.
       	
		        	
$IGXTC^ 3IMXK>WIQO^ 1CUXKWU^
>XTTCOW^ YU^ WIMC^
@$QTAC^ YU^ WIMC^
XTTCOW^ ^ BIY^
$QTAC^ ^ ,BIY^
5IMC^ ^ MUBIY^

  
$IGXTC^ #[RCTIMCOW>K^ 1CUXKWU^
>XTTCOW^ YU^ WIMC^
@$QTAC^ YU^ WIMC^
XTTCOW^ ^ BIY^
$QTAC^ ^ ,BIY^
5IMC^ ^ MUBIY^
 .-!*63'/-^
5HC^ NCWHQB^ >KKQZIOG^ WHC^ WT>OUICOW^ AXTTCOW^ >OB^ DQTAC^
A>KAXK>WIQO^ QO^ >^ YQLW>GC^ UXRRKICB^ >[IU\NMCWTIA>K^ CKCAWTQM>GOCW^
H>U^ @CCO^ RTCUCOWCB^ 5HC^ $IOIWC^ #KCMCOWU^ GTIB^ @>UCB^ QO^
SX>BTIK>WCT>K^ CKCMCOWU^ H>U^ @CCO^ >BQRWCB^ 5HC^ C[RCTIMCOW>K^ >OB^
A>KAXK>WCB^ TCUXKWU^ ZHIAH^ H>YC^ @CCO^ AQNR>TCB^ UHQZ^ WHC^ Y>KIBIW\^
QD^ WHC^ MCWHQB^ 5HIU^ BIUATCWIU>WIQO^ NCWHQB^ IU^ GCOCT>K^ >OB^ A>O^
@C^ XUCB^ W?^ UWXB\^ QWHCT^ CKCAWTQM>GOCWIA^ BCYIACU^ R>TWIAXK>TK\^
WHQUC^ IOYQKYIOG^ WHIO^ >ITG>RU^
2CECTCPACV^
:K<8+XTW\^ OCZ^ >RRTQ>AH^ DQT^ WHC^ >O>K\UIU^ QD^ B\O>NIA^
@CH>YIQT^ QD^ UQKCOQIB^ >AWX>WQTU^ ZIWH^ WIMC^ BCRCOBCOW^ YQKW>GC^
IORXW(###^ (OBRRKIA>WIQOU^ 3QAICW\^ OOX>K^ +CCWIOGRR
^
;=+0>ZK>J^ >OB^ 59,CHK^5T>OUICOW^ $IOIWC^ #KCMCOW^ +QBCKKIOG^
QD^ 3QKCOQIB^ AWX>WQTU5HC^ AQXRKCB^ RQZCT^ CKCAWTQOIAU^
MCAH>OIA>K^ >OB^ M>GOCW^IA^ FICKB^ RTQ@KCN^(^###5T>OU^ +>GO^^
8QK+%	^ ,QK)>ORR^
:<)&">@KCH^ 1"$IOBK>\^ >OB^ 3]>@>BQU^ $IOIWC^ CKCMCOW^
RTCBIAWIQOU^ QD^ WT>OUICOW^ CKCAWTQM>GOCWIA^ DQTACU^ IO^
>[IU\MMCWTIA^ GCQNCWTICU^ (3#$^ ^ RR
^
:<$0ITIQX^ 1>]CJQXRKIOG^ QD^ U>WXT>WCB^ CKCAWTQN>GOCWIA^
U\UWCNU^ WQ^ OQOKIOC>T^ RQZCT^ CKCAWTQOIA^ BCYIACU(###^
5T>OU+>GO8QK+%^,QK)>ORR^
;4<)0UWQU#KCAWTQN>GOCWIUN^>OB^$ICKB^>KAXK>WIQO^
$KQTI>OQRQKIUT>]IK#B7$3^
